Twenty-two female green iguanas (Iguana iguana) diagnosed with different forms of calcium metabolism disorders were classified into three groups: females with post-ovulatory egg stasis or pre-ovulatory follicle stasis (group A), females with acute hypocalcaemia (group B) and females with metabolic bone disease (group C). Group A females had the highest mean plasma values for uric acid (p < 0.05) and phosphorus (p < 0.05) compared to groups B and C. Mean values for uric acid, ALP, ALT, AST, cholesterol, calcium and phosphorus were 351.11 Ȑmol·l -1 , 0.12 Ȑkat·l -1 , 1.42 Ȑkat·l -1 , 6.81 Ȑkat·l -1 , 5.93, 3.44 mmol·l -1 and 7.45 mmol·l -1 , respectively. The phosphorus to calcium ratio was 2.2. Group B females had the highest concentration of AST (p < 0.05), the highest phosphorus to calcium ratio (p < 0.05) and the lowest plasma concentrations of total protein, glucose, cholesterol and calcium. The mean values for total protein, glucose, uric acid, ALT, AST ALP, cholesterol, calcium and phosphorus were 47.11 g·l -1 , 8.67 mmol·l -1 , 233.26 Ȑmol·l -1 , 1.11 Ȑkat·l -1 , 12.14 Ȑkat·l -1 , 0.26 Ȑkat·l -1 , 5.19, 1.18 and 5.65 mmol·l -1 , respectively. The phosphorus to calcium ratio was 4.8. Group C females had mean values for total protein, uric acid, ALT, AST, ALP, cholesterol, calcium and phosphorus of 55.04 g·l -1 , 239.56 Ȑmol·l -1 , 1.01 Ȑkat·l -1 , 1.91 Ȑkat·l -1 , 0.89 Ȑkat·l -1 , 6.02, 2.64 and 5.40 mmol·l -1 , respectively. The phosphorus to calcium ratio was 2.0. Plasma biochemistry is a useful tool in the diagnosis of different calcium metabolism disorders observed in green iguana females.
Chronic metabolic problems in reptiles caused by nutritional disorders are common. Osteodystrophy is frequently diagnosed in iguanas as a consequence of calcium, phosphorus and/or vitamin D 3 deficits in the diet (Zwart and Van De Watering 1969; Reece et al. 1986; Scott 1992; Boyer 1996) . Clinical signs associated with nutritional secondary parathyroidism, such as lethargy, constipation, general weakness, bone fractures, tremor and paresis, are often not specific. These symptoms also may accompany other infectious as well as non-infectious diseases (Troyer 1984; Boyer et al. 1996; Miller 1998; Ball et al. 1999; Antinoff 2000) . It has recently been observed that renal secondary hyperparathyroidism is very common in lizards (M ader 2000) . Last, but not least, disease of the reproductive system in oviparous reptiles female may be associated with profound calcium metabolism disorders (Zwart 1992; Boyer 1996; Raiti 1996) . As the process of ovulation and/or egg deposition fails, the enlarged ovaries or the distended oviduct will occupy most of the coelomic cavity and anorexia, lethargy, limited movement with hind leg and constipation may be present (Divers 1996; M ader 2000; Not Schläpfer 2000) .
The aim of this study was to compare plasma biochemistry profiles in three groups of female green iguanas that have manifested different forms of calcium metabolism problems. a-b,c-d, e-f, g-h, i-j significant differences (p < 0.05)
Materials and Methods

Animals
A total of 22 adult green iguana (Iguana iguana) females diagnosed with anorexia, constipation, hind leg paresis, muscle spasm and/or tremor were included in this study. Group A included 6 females with post-ovulatory egg stasis (POES) or pre-ovulatory follicle stasis (POFS) syndrome. In cases of POFS radiography revealed a distended mass occupying almost the whole coelomic cavity. By a detailed examination of the radiograph, the "bunch of grapes shape" of the mass was characteristic and the individual follicles situated on the periphery of this mass appeared as rounded structures. In cases of POES the eggs had formed a mass that was situated near the pelvis. They appeared oval, however, the shape of individual clustered ova was variable. The radiograph revealed structural changes of the femora caused by decalcification, however, without any bone fractures. Group B consisted of 7 females with acute hypocalcaemia syndrome which showed muscle spasms and/or tremors. Group C included 9 females with a typical manifestation of the chronic form of metabolic bone disease (MBD). Limited movements of the swollen hind legs were recorded in all females of this group. In two females, it was accompanied by a pliable deformation of the mandible. Anorexia and/or constipation of colonic contens were observed in 6 and 3 females, respectively. Whole body radiographs documented structural changes of the long bones of the leg. A typical picture of the bone deformation consisted of decrease in bone density, with cavity expansion and cortex thinning. Detailed examination of the radiograph revealed transverse green-stick fractures of long bones in all females of this group.
Blood collection
Blood samples were collected from the ventral coccygeal vein approximately one-third of the tail length from the cloaca (Redrobe and MacDonald 1999) by the use of 23G x 1 Luer needles. A volume of 0.5 -1 ml of blood was collected.
Plasma biochemistry
Blood samples collected in heparinized tubes containing heparin (Heparin Léãiva inj., Prague) were centrifuged immediately and plasma was removed. Plasma biochemical assays were performed within 2 hours after collection by the use of automated analyzers. The concentration of total protein (TP), creatinine, glucose, uric acid, blood urea nitrogen (BUN), alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma glutamyltransferase (GGT), cholesterol, phosphorus (P) was determined with a CobasMira analyzer (Roche); plasma concentrations of calcium (Ca) and potassium (K) were determined by the Atomspec analyzer (Hilger 1550). Results were compared to normal plasma biochemical data for green iguanas (Knotek et al. 1999) Statistical analyses Statistical evaluation of differences in plasma biochemical values was performed by using Stat Plus software (Stat Plus, version 1.01, 1992, VÚVeL Brno, Czech Republic). Statistical significance was determined as p < 0.05.
Results
Females with POES or POFS syndrome -group A
Clinical signs of acute hypocalcaemia manifestation were not observed in any females of this group. Mean values for total protein and glucose were within normal ranges for healthy green iguanas, being 57.81 ± 13.18 g·l -1 and 10.33 ± 7.20 mmol·l -1 , respectively. Mean concentrations of uric acid, ALT, AST and phosphorus were significantly increased, being 351.11 ± 283.71 Ȑmol·l -1 , 1.42 ± 1.55 Ȑkat·l -1 , 6.81 ± 6.82 Ȑkat·l -1 and 7.45 ± 4.23 mmol·l -1 , respectively. Mean plasma levels of ALP and cholesterol were lower than the normal range for the healthy females, 0.12 ± 0.10 Ȑkat·l -1 and 5.93 ± 2.31 mmol·l -1 , respectively. Mean concentration of calcium, 3.44 ± 1.94 mmol·l -1 , was within the normal range for females, however, the phosphorus to calcium ratio was increased as a consequence of the change in plasma phosphorus levels. As compared to the normal ratio of phosphorus to calcium (0.4 -1.0), in females with POFS+POES syndrome it has increased to 2.2 (Table 1) .
Females with acute hypocalcaemia -group B Mean values for total protein, glucose, ALP, cholesterol and calcium, 47.11 ± 10.91 g·l -1 , 8.67 ± 3.03 mmol·l -1 , 0.26 ± 0.21 m kat·l -1 , 5.19 ± 1.15 mmol·l -1 and 1.18 ± 0.26 mmol·l -1 , respectively, were lower than the normal ranges for green iguanas. Plasma concentrations of uric acid, ALT, AST and phosphorus increased to 233.26 ±89.35 Ȑmol·l -1 , 1.11 ± 0.66 Ȑkat·l -1 , 12.14 ± 8.80 Ȑkat·l -1 and 5.65 ± 3.84 mmol·l -1 , respectively. As a consequence of increased phosphorus as well as decreased calcium plasma levels the phosphorus to calcium ratio has increased to 4.8 (Table 1) .
Females with MBD syndrome -group C Mean values for total protein, ALP, cholesterol and calcium, 55.04 ± 16.10 g·l -1 , 0.89 ± 0.73 Ȑkat·l -1 , 6.02 ± 2.85 and 2.64 ± 0.67 mmol·l -1 , respectively, were lower than the normal ranges for green iguanas. Plasma concentrations of uric acid, ALT, AST and phosphorus were increased to 239.56 ± 206.96 Ȑmol·l -1 , 1.01 ± 1.54 Ȑkat·l -1 , 1.91 ± 1.65 Ȑkat·l -1 and 5.4 ± 2.96 mmol·l -1 , respectively. As a consequence of the change in the phosphorus plasma levels the phosphorus to calcium ratio has increased to 2.0 (Table 1) .
Comparison of the plasma biochemistry parameters in the three groups of females Mean values for total protein and calcium were within the normal range in the group A only, plasma glucose levels were within the normal range for healthy green iguanas in groups A and C. All other plasmatic indices were beyond normal ranges for healthy females of green iguanas. Females of the group A had the highest mean values for uric acid and phosphorus (p < 0.05). The lowest mean plasma concentrations of total protein, glucose, cholesterol and calcium were found in group B females. Females belonging to this group had the highest mean concentration of AST (p < 0 .05) and the highest phosphorus to calcium ratio (p < 0.05).
Discussion
Disorders of calcium and phosphorus metabolism are common problems of captive reptiles (Köhler 1996; Donoghue 1996) . The most common disease of green iguanas is secondary hyperparathyroidism (osteodystrophy, osteomalacia, osteoporosis, S cott 1992; Boyer 1996) . Pathological conditions of the kidneys result frequently in calcium metabolism disorders in dogs and cats. Hyperphosphatemia and hypocalcaemia often accompany chronic renal failure in ferrets, rodents (Rijnberk and Hazenwinkel 1996; Antinoff 1998; Johnson-Delaney 1998) and in reptiles (Zwart 1992; Boyer et al. 1996; Miller 1998) . Elevated serum phosphorus concentrations and changes in the phosphorus to calcium ratio occur frequently in cases of chronic renal insufficiency in reptiles. This ratio is altered at an earlier stage of renal disease when compared to uric acid concentrations (Kölle and Hoffmann 2001) , however there are marked differences in renal function in mammals and reptiles (Braun 1998) . It is difficult to demonstrate parathyroid hormone effects on calcium metabolism in reptiles. It was found that parathyroid hormone does not influence urinary calcium excretion in snakes (Clark and Dantzler 1972) . The mammalian-type of hypocalcaemia has not been demonstrated in reptiles, including lizards (Kline and Longmore 1986) . However, salmon calcitonin has been used with positive effects in iguanid lizards and parathyroid hormone has increased calcium mobilisation from bones in turtles (Bélanger et al. 1973; Kline 1981) . Secondary hyperparathyroidism due to a renal disorder is well known in mammals and possibly occurs also in oviparous vertebrates like birds (Lumeij 1994) . It has recently been published that hyperparathyroidism of renal origin (renal secondary hyperparathyroidism) may be more common than nutritional secondary hyperparathyroidism in the green iguana (M ader 2000) . Normal phosphorus and calcium concentrations in the blood serum of iguanas are 1.4 -3.1 mmol·l -1 and 2.5 -3.5 mmol·l -1 , respectively (Knotek et al. 1999 ). Renal disease is assumed when the plasma concentration of phosphorus is higher than plasma calcium concentration, and, when both of these parameters are altered significantly (K ölle and Hoffmann 2001) . It has been recommended to determine the plasma concentrations of uric acid, phosphorus, calcium and the phosphorus to calcium ratio in all cases of anorectic green iguanas, especially if chronic renal disease is suspected (Knotek et al. 2002) .
Determining the early signs of calcium metabolism disorders in reptiles is often difficult. Chronic calcium insufficiency in green iguanas may be manifested by the same clinical signs as severe renal failure or the egg-binding syndrome -anorexia, lethargy, constipation and paresis . Anorexia was the most frequent clinical symptom observed in iguanas with renal disease in our previous study. Constipation of the colon as a consequence of renal oedema has been observed, tubular necrosis having been confirmed in 62.5% patients (Knotek et al. 2002) . In the present study, anorexia, constipation and hind leg paresis were manifested frequently by the females with post-ovulatory egg stasis (POES) or pre-ovulatory follicle stasis (POFS) syndrome. Mean concentration of calcium was within the range for healthy females, however, the phosphorus to calcium ratio was increased. High plasma levels of uric acid and phosphorus of females of this group could be caused by dehydration and renal disease. In birds and oviparous reptiles, the rise of blood calcium concentration, secondary to oestrogen-induced transport of yolk proteins to the ovary has been documented (Simkiss 1967; Lumeij 1994; Harr et al. 2001) . During the period of egg-laying, calcium deposits are resorbed by osteoclastic activity and transported to the eggshell. Therefore physiological mobilisation of calcium for vitellogenesis and shell maturation may be the reasons for normocalcaemia in females of the group A. As a consequence of this phenomenon, it is not surprising that manifestation of acute hypocalcaemia has not been observed in any of females belonging to this group. Boyer et al. (1996) described tremor as a typical manifestation of severe renal failure in 66% green iguanas. All females with acute hypocalcaemia in the present study exhibited muscle spasm and/or convulsion. Radiography confirmed the acute character of the problem, as there were no changes in the structure of long bones. Therefore, it is possible that tetany in green iguanas have resulted from a low concentration of calcium in the plasma. We expect that hypocalcaemic muscle tremor in the green iguana is caused by calcium levels of less than 2.0 mmol·l -1 . This is in accordance with the suggestion by Boyer (1996) , that iguanas become hypocalcaemic if calcium levels are below 8.0 mg/dl (1.996 mmol·l -1 ).
Chronic metabolic bone disease was seen in green iguanas of the group C by swelling of the hind leg accompanied by paresis, fractures and pliable deformation of the mandible. It is not surprising that fractures, especially fractures of radius and ulna in reptiles, were frequently missed by the owners. It is not specific for reptile patients, as it is clear from alarming percentage of late diagnoses of osteodystrophy in dogs (Neãas et al. 1999) . Some authors described two distinct forms of the metabolic bone disease. The first "classic" form is characterised by symptoms of a chronic disease, such as the fibrous osteodystrophy and fractures; the second form is characterised by muscle tremors and seizures (Boyer 1996) . From this point of view, females belonging to the group B manifested symptoms of the latter (non-classic) MBD category, while females of the group C presented classic MBD symptoms.
Our results are in accordance with Divers´ suggestion that determining blood levels of calcium and phosphorus could help in the diagnosis of renal failure in reptiles (Divers 2000) . The findings of our study indicate that plasma biochemistry may help to diagnose renal failure even in gravid iguana females. Nevertheless, further work on this topic has to be done. Plasma biochemistry is a practical diagnostic tool for veterinary practice in reptiles. It helps to distinguish cases of the chronic metabolic bone disease from other forms of calcium metabolism disorders, like post-ovulatory egg stasis or pre-ovulatory follicle stasis syndrome.
Biochemick˘ profil krevní plasmy u samic leguána zeleného (Iguana iguana) s poruchami metabolismu vápníku
Do studie bylo zafiazeno dvacet dva samic leguána zeleného vykazujících pfiíznaky poruch metabolismu vápníku. Ve skupinû A byly samice s retencí vajec nebo stází folikulÛ. PrÛmûrné hodnoty kyseliny moãové, ALP, ALT, AST, cholesterolu, vápníku a fosforu byly 351.11 m mol l -1 , 0.12 m kat l -1 , 1.42 m kat l -1 , 6.81 m kat l -1 , 5.93 mmol l -1 , 3.44 mmol l -1 a 7.45 mmol l -1 . Pomûr fosfor-vápník byl 2.2. Samice skupiny A dosahovaly signifikantnû nejvy‰‰ích prÛmûrn˘ch hodnot kyseliny moãové a fosforu (p < 0.05). Do skupiny B byly zafiazeny samice s pfiíznaky akutní hypokalcémie. Hladiny celkové bílkoviny, glukózy, ALP, cholesterolu a vápníku byly u samic této skupiny 47.11 g l -1 , 8.67 mmol l -1 , 0.26 m kat l -1 , 5.19 mmol l -1 a 1.18 mmol l -1 . U samic této skupiny byly namûfieny nejniÏ‰í hodnoty celkové bílkoviny, glukózy, cholesterolu a vápníku v plasmû. Zji‰tûné hladiny kyseliny moãové, ALT, AST a fosforu byly zv˘‰ené na 233.26 m mol l -1 , 1.11 m kat l -1 , 12.14 m kat l -1 a 5.65 mmol l -1 . Pomûr fosforvápník vystoupil na hodnotu 4.8. PrÛmûrná hodnota AST a pomûr fosfor-vápník byly nejvy‰‰í v celé studii (p < 0.05). Samice zafiazené do skupiny C vykazovaly typické známky metabolick˘ch poruch stavby kostí. PrÛmûrné hodnoty celkové bílkoviny, ALP, cholesterolu a vápníku byly 55.04 g l -1 , 0.89 m kat l -1 , 6.02 mmol l -1 a 2.64 mmol l -1 . Hladiny kyseliny moãové, ALT, AST a fosforu v plasmû vzrostly na 239.56 m mol l -1 , 1.01 m kat l -1 , 1.91 m kat l -1 a 5.40 mmol l -1 , pomûr fosfor-vápník byl 2.0. Anal˘za biochemického profilu krve se ukázala jako pfiínosná metoda pro diagnostiku a odli‰ení rÛzn˘ch forem poruch metabolismu vápníku u samic leguána zeleného.
